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(71) We, S. Davall & Sons Limited, 
a Company incorporated under the laws of 
Great Britain, of 3 Aintree Road, Perivale, 
Greenford. Nfiddlesex, UB6 7JE» do hereby 
5 declare the invention for which we pray 
that a patent may be granted to us and 
the -method by which it is to be peifonned, 
to be particularly described in and by the 
following statement: — 

10 This invention concerns improvements 
relating to nayagational aids, particularly 
close-quarter navagational aids. Generally 
aids in current use suJffer from the disadvan- 
tage that their accuracy, expressed as a per- 

15 centage of the distance being measured, de- 
clines at short ranges. Hie present invention 
seeks to provide an aid to navigation, and 
a method of navigating or positioning a 
vessel, aircraft or vehicle (hereinafter termed 

20 a craft), which have characteristics particu- 
larly . suitable for operation at short dis- 
tances, for example within a range of 3 to 
300 meters, but without limitation to those 
figures. 

25 The navagational-aid apparatus and 
method of the invention depend upon the 
use simultaneously of electromegnetic and 
sonic links. As electromagnetic link, use will 
generally be made of a radio signal link, 

30 but other signals within the electromagnetic 
spectrum may be employed, including ligjit, 
infra-red and ultraviolet signals. Sonic links 
may be by gas or liquid transmission* in 
practice through air or water. 

35 Navigational-aid apparatus in accordance 
with thQ invention comprises, on a target 
station or a craft station, at least two trans- 
mitters, separated by a base-line distance, 
of distinguishable some signals and a trans- 

40 mitter of electromagnetic signals and, on the 
craft station or the target station respec- 
tively, three receivers for the sonic signals 
and a receiver^ for the electromagnetic 
signals, the receivers for tfie sonic signals 

45 being in two positions separated by a base- 



line distance, there being two receivers* one 
for each sonic signal in one of said position 
and a receiver for one of the said sonic 
signals in the other position, while the 
station having the said receivers is provided 50 
with timing means for determining the 
elapsed times between the reception of the 
electromagnetic signal and the reception of 
the respective sonic signals. 

The electromagnetic and sonic signals may 55 
be produced by simultaneous switching of 
respective carriers or simulaneous modula- 
tion thereof to form repeated pulses. The 
information provided by the signals is then 
''updated'* at each set of pulses. 60 

One manner of carrymg the invention 
into effect will now be more fully described, 
by way of example, with reference to the 
accompanying diagrammatic drawings, in 
whioh: 65 

Fig. 1 is a plan view showing an equipped 
craft approaching an equipped fixed object. 
Fig. 2 is a block diagram for a transmit- 
ting station. 

Fig. 3 is a -block diagram for a receiving 70 
station, and 

Fig. 4 is a diagram for a simple form of 
timing or coding system. 

For the purposes of this example, it will 
•be assumed that the craft is a seaborne 75 
vessel 1, Figure 1, to be navigated in rela- 
tion to a f^ed object or "target'*, such as 
the platform 2 of an offshore oil rig, a 
ligjithouse, harbour installation, jetty or the 
like. 80 

Hie target is iprovided with two trans- 
mitters 3 and 4, of distingui^able sonic 
signals, at base-line distance d apart. Suit- 
ably the transmitters 3 and 4 transmit at 
3 KHz and 5 KHz respectively and are 85 
separated by a distance d of 10 metres . The 
target is also provided with a radio trans- 
mitter 5. 

The craft 1 has three sonic receivers in 
two positions, for instance 5 KHz and 3 KHz 90 
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receivers 6 and 7 respectively in one position 
m^t§ a stete 5 KHz receiver 8 in the o«3ier 
I^Stioii^ lie base-line distance between the 
|H^!fitto being ag^, say. TO metres. 
' 5 A00ki't^^ivQr 9 is also provided oh the 

.. -[rnhp t^n^missions from both sonic trans- 
njJpyrs 3 tod 4 are received at Ihe one 
j0^ti(m on the craft by the recievers 6.and 

10 7, fc ranges being Rl and R2 respectively. 
At the oAer position on the craft, only, the 
one transmission, CR]an. 4. .will be leceiv^ by 
the itc^y&t 8 at mi^e R3. As will be iindar* 
stood, - this combination - will never peipdt 

15 of niore than two tmnsn^tter/ipceiyer f^^s 
of iden^i^ lengths. ' V p^ 
leiig%s wiH jle ^ ^^fiEeM^t Any : 
feination of pato fettg^ 4-7 and pB) 
indicated by lite €^p^ b^^ween the 

20 amval of sHnmi^nc^b^^ flBBSjai^ted 
radio ^gnsd^ ,|tnd the? gesj^ptive aMy^ of 
the sopG^^^ds^s^il d^iiBe a MS^njairf 

• 25"^^':tb^^s^^.^i?d^^^y^^U 

in poatniil f^effie^T iifti^;pfc^n ^ tfeat the 
infonnafion fro 
30 Th^ soxdc ahd radk> 'ti^n^j^i^m^ may, 
as assumed in flie f^ttowii^g ^ej^cri^bn, be 
used as <^p^d:8 tkpon all ^wsso of WbMi 
sh^it m^^ ps^^ or "biir^ts'* are siffiitil- 

35 suMably m& o^der of a few milUs^liids 
la^m ^gpl$e hi^Mval of order of a !few 
sedoB^ mr insi^ice a dut^^&>n o£ 4 ms m& 
a 1 sea>nd interval. Fig. 2 illustrates how a 
jpise ^nerator 10 may be used to coi^^i'ol 

40 ^e simaltaneous ^axtsmis^ioii of ^ypial 
pulses fmjn &e one ra^k> tmn^fliiter 5 #ith 
aerial 5' and &e osc^^tt^fs of die sonic 
transmitters 3 and 4 wiA ^ud spea:k^ 3\ 

45 At the j^Gcrnvrng station (Fig. 3), fee sonic 
sigimis ^xemved by micat^phc^es 6\ 7', 8' 
of the receivefs 6, 7. 8 are fed to filters 
Tl, de^go^ to pa^ only the ^gnal resj^ec- 
tivdy r^xared, stii^Mffleis 12 alai p#se 

50 sh^pers 13* 'ibe m0o signal from Ae re- 
ceiver 9 is ai«> fid to a -pulse ^naper 13. 
l^fp&ta^lS npm lengdi^ of the p^lhs 
sUpd R3, teie pul^ from the soiiic 
receivers will be SSes^^y time-dii^&ised 

55 in lelatioja to fee pid^ horn fee ramp 
ceiver. TUbe shaping of fee some p^l)^ is 
sudi feat feey have opposite polarity to 
fee radio pulse. 
(For obtaining a measure of each time 

60 displacement, the sonic pulses from the pulse 
shapers are fed ^g. 4) as "stop" signals 
to req)ective digital or other electronic 
•timers 14 or thning n^hanism to whidi fee 
radio pulse is fed as **start" signal. 

65 The timers may be simply 4^btated» for 



: exjunple, in terms of fee time taken for 
sound to travel 1 foot in air^ in which case 
1 "count" is equal to- 1 foot ^ of range, judi- 
cation . may: be ^provided diiectly in length 
units. The three range, readings may be 70 
integrated, by well loK^^h means to produce 
. a single range and bearing inditation or a 
disply presenting a plan jposition of the craft 
1 in relation to fee taij^t 2. . 

As fee .atx)ve described operation is re- ; 75 
peated on reception of each set of pulses by 
fee receivers 6 to 9^ fee information . pro- 
vided: is i^>K3ated at very short intervals 
. of time, i.e. every second wife a pulse inter- 
val of one second. I^e pulse in^rval will^ 80 
be selected to sirit |p^HipUlar requirements. 
A longer iutefv^ fe^u <^ secoip^ reiay nor- 
mally be i^ui^; as ofljer^^fefe^ #e maxi- 
mumvimM^ .r^^ could 
i^'^imitso^ss^^^-^^^ ^ 0f iEKxiinrect/ 85 
■*r^ponseat;|ie;e^ - - • -rl 

A sNdiig; liiii^c^ ^l^gle searve 
to ilustfite fee brd^ cat jpSs- 
t|^;c^s d of . 10 ;iif&s IJted 1^ mnge of 90 
mdbri^ afi^ iassuM^. ^aie tafen by 90 
&e a^iiM^ fee 90? iiietres 

is i^ili^ iigkt 

qipJT^ by fei :^Mc iE^ J^*^h; fee 

'^^m^:^ ; i$ alKsut tim -M^o Idi water and 
cbn^Ss^pSil^riS^ m Mik m^ fe^ pro- ;95 

pagation of fee sisals ato^ fee i|bect paths 
3-6 ai?d 4- 8 w^J take abotit 60 ia^isi^oonds 
and feat of feci ^i^nal M^m 1^ oblique 
?^^ v 4-7^ ibi(^ jlliii^capfe. Such 
p^aric^tjs can ife B^omi^i^^ ^^iimm'^ by loo 
:^^^ffli^tus whK2i is telgiiyeliy sii^e and 
capi^bfe of fe^g opQ^^L % ptxsons of 
only modetate i^l. 

Conversion of measured tkne pe^riods into 
distances will depend ori the v^city of 105 
fee ^iiic stgaafe loe^. velocity may 
be ddsernn^ft^a by os>n:tiiiU0m mo^^rmg on 
the c#ft of £f^M a ref^^^^nce dgfial t^ians- 
mitted to fe^ cjtoft Qn fej^ c^aft^ fee velocity 
valiie may feen be intn^doced Mto fee tlin- 110 
ing sj^eM % automatical or manually 
acljustable 2iteans» 

Mon^ feah two sonic ^nsmitters and 
three receivers my be eiu^yed ^nd feey 
may be disposed in coikrbjbat#|^ ctf ]|6sitions 115 
ofeier than feat d^scabra ^bve. In rela- 
tion to what has baen ^cmidd above, fee 
locations of the ti^ansmitters and receiveirs 
on fee Ip^tget and cra£ft may be tewrsed. 

As shown in fee exan^e SlUstf^ted in 120 
Fig. 1» fee receivers 6, 7. 8 ate disposed 
athwart fee craft 1. For some purpose, 
use may be niade of an army dmposed 
longitixdimtly of a craft or of an adjust- 
ably disposed array. 125 

ik piactice, fee two sonic frequencies em- 
ployed will preferably be selected from wife- 
in a range of fee order of from 2 to 10 KHz. 
The actual frequencies will be selected to 
be readily distinguishable, in which connec- 130 
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tioh possible hannonic difficulties should be 4. Navigational-aid apparatus substanti- 

tak^ into account. * -^u.:^ ' ally as hereinbefore described with reference 

WHAT WE CSjAIM IS:— . - - to the accompanying drawings. 

■1^ Navigatidnal^aid apparatus cbmpris- . 5. A method of determining the relative 

5 ing, oh target station or a Craft station, at position of a craft, which comprises trans- 35 

least two transmitters, separated by a base- mitting simultaneously, from separate ppsi- 

line distance, of distingui^able sonic signals tions on a target or craft station, distinguish- 

ahd a' transmitter of electromagnetic signals able sonic signals and an electromagnetic 

and, on the craft station or the target station signal and receiving the sonic signals on the 

10 lespeetively, three receivers for the sonic craft station or the target station respect- 40 

" signals arid a receiver for the electromagnetic ively at two separate positions, both sonic 

signals, .the receivers, for the sonic si^ials signals being received at one position and 

" being in two positions s^arated by a ba'se* one sonic signal at the other position, ttiming 

line distance, there being two receivers, one the reception of. tiie sonic signals wth refer- 

15 for each sonic signal, in one said position ence to that of the electromagnetic signal, 45 

and a receivei- for one of the said sonic and deterriiining f from the . timings three 

signak in the other position, while" the ranges from the first named two positions 

station faaviiig the said receivers is provided to the second named two positions, which 

with timing means for determining the three ranges define a position of the craft. 

20 elapsed times between the reception of the ^ : 6. A method of determining the relative 50 

electromagnetic signal arid the reception of position of a craft substaritially as hcrein- 

the respective sonic signMs. ' ?before-' described witii^ reference ' to Ae 

2. ^Apparatus according to claim 1, where- accompanying drawings. 
' in the electromagnetic and sonic isignals pro- 

* -25 d.uced by siriiultaneous switching of respec- v JENSEN & SON 

tive carriers to form repeated pUlses" ' . Agents for the Applicants 

\ 3 i Apparatus aeoordmg to clairii l; where- ' ? 8 Fiilwood 'Place . ^ 

in the electromajgrietic and sonic signals are 1 , 'High Holbom 

produced by simultaneously modulating re- London v WClV 6HG , . , « 

30 'spective carriers with repeated pulses. ^ ;<2ha:rtered Patent Agentsv * 
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